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Glossary 
 
Term Definition 
BBS Bilfinger Berger Siemens consortium 
CAF Construcciones y Auxiliar de Ferrocarriles SA 
CEC City of Edinburgh Council 
DBFMO Design, build, finance, manage and operate contracts 
DfT Department for Transport 
GRIP Guide to Rail Investment Process 
HMT HM Treasury 
INFRACO Infrastructure Construction Contract 
NAO National Audit Office 
OB Optimism Bias 
OGC Office of Government Commerce 
SDS System Design Service Contract 
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TPB Tram Project Board 
TEL Transport Edinburgh Ltd 
TIE Transport Initiatives Edinburgh 
TRAMCO Tram Vehicle Contract 
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Executive Summary 
This report reviewed the Edinburgh tram project’s risk management. Projects frequently 
overrun their cost and timelines and fall short of the intended benefits. Cost, schedule and 
benefit risk of projects need to be carefully considered to avoid this. 
 
Often project risks are underreported or ignored. Underreporting may be intentional or not. 
Non-intentional underreporting is caused by optimism bias with planners. Intentional 
underreporting is caused by strategic misrepresentation. Optimism bias and strategic 
misrepresentation are root causes of inaccurate assessments of project risk. 
 
Probabilistic forecasts are current best practice of presenting risk estimates and allowing 
decision makers to appraise projects given different required levels of certainty of estimates. 
Risk appetite typically differs for the three key questions asked during project appraisal: 
 Is the project economically viable? 
 Is the project affordable? 
 What should the cost, schedule, and benefit targets be at different levels?  
 
Risks are typically assessed using the inside view, which is subject to optimism and strategic 
misrepresentation. The cure is to de-bias project estimates by taking an outside view. 
Reference class forecasting, including optimism bias uplifts, is a well-established method to 
systematically take the outside view. 
 
The report reviewed the guidance available when the Edinburgh tram project produced the 
Draft Interim Outline Business Case (May 2005) and the Final Business Case (December 
2007).   
 
In the experts’ judgement, the approach taken to estimates, risk and optimism bias in the 
Edinburgh tram project was generally similar to the approach of other projects of a similar 
nature at the time. Equally, the mitigation measures planned and the work to understand risk 
were similar to those of other projects. 
 
In the view of the experts, the Draft Interim Outline Business Case is optimistic with regards 
to cost risk. The project team argued that it would deliver according to the budget envelope 
with more than 95% certainty while other data, which were available to the planners, 
suggested that a 20% risk of exceeding the funding envelope existed, i.e. four times the 
estimate. 
 
In the experts’ view, there are some doubts about the quality of the quantitative risk analysis 
which estimated a cost risk of 15% at P90, which seems low given the high level of 
confidence and the evidence in the official guidance documents available to the project at the 
time. Optimism bias is likely to have entered the risk assessment process during quantitative 
risk analysis, which is understandable, because quantitative risk analysis is based on expert 
judgement and such judgement has been proven to be prone to optimism bias. Instead of 
reducing optimism bias, quantitative risk analysis seems to have increased this for the 
Edinburgh Tram. In addition, the optimism was perpetuated by portraying the cost estimate 
with a high degree of confidence. 
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1. Key Concepts 
Risk  
Most projects change during the project cycle from idea to reality. Changes may be due to 
uncertainty regarding the level of ambition, the exact corridor, the technical standards, safety, 
environment, project interfaces, geotechnical conditions, etc. In addition, the prices and 
quantities of project components are subject to uncertainty and change. 
 
Risk is conventionally regarded as the adverse consequence of change with a consequence 
that projects fail to meet deadlines and cost targets (Smith et al. 2006).   
 
In terms of risk, most appraisals of projects assume, or pretend to assume, that infrastructure 
projects exist in a world where things go according to plan. In reality, the world of project 
preparation and implementation is a highly risky one where things happen only with a certain 
probability and rarely turn out as originally intended. 
 
Nine out of ten such projects have cost overruns; overruns of up to 50% in real terms are 
common, over 50% are not uncommon. The cost overrun for the Channel Tunnel, the longest 
underwater rail tunnel in Europe, connecting the United Kingdom and France, was 80% in 
real terms. The cost overruns for the Denver International Airport were 200% and for 
Boston's Big Dig, 220%.  
 
Overrun is a problem in private as well as public sector projects, and things are not 
improving; overruns have stayed high and constant for the 70-year period for which 
comparable data exist. Geography doesn't seem to matter either; all countries and continents 
for which data are available suffer from overruns. Similarly, benefit shortfalls of up to 50% 
are also common and above 50% not uncommon, again with no signs of improvements over 
time and geography (Flyvbjerg, Holm, & Buhl 2002). 
 
Hence, some degree of risk for cost overrun, schedule delay and benefit shortfall will always 
exist and is important to consider for project appraisal, programming, budget setting and 
project cost control. Risk is however not unknown and should be duly reflected in the project 
documentation at any given stage.  
 
Optimism Bias and Strategic Misrepresentation 
Often project risks are underreported or ignored. Underreporting may be intentional or not. 
Non-intentional underreporting is caused by optimism bias with planners. Intentional 
underreporting is caused by strategic misrepresentation. Optimism bias and strategic 
misrepresentation are root causes of inaccurate assessments of project risk. 
 
Psychologists tend to explain underreporting of risk in terms of optimism bias, that is, a 
cognitive predisposition found with most people to judge future events in a more positive 
light than is warranted by actual experience. Clearly an optimistic budget is a low budget, and 
cost overrun follows. 
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Economists and political scientists tend to explain underreporting of budget risk in terms of 
strategic misrepresentation, or political bias. Here, when forecasting the outcomes of projects, 
forecasters and planners deliberately and strategically overestimate benefits and underestimate 
costs in order to increase the likelihood that it is their projects, and not the competition's, that 
gain approval and funding.  
 
Political bias can be traced to political and organizational pressures, for instance competition 
for scarce funds or jockeying for position, and to lack of incentive alignment. Optimism bias 
and political bias are both deception, but where the latter is deliberate, the former is not. 
Optimism bias is self-deception.  
 
Figure 1 Explanations of Risk in Projects: Optimism Bias and Strategic Misrepresentation 
 
 
Although the two types of explanation are different, the result is the same: inaccurate 
forecasts and inflated benefit-cost ratios, which realise as cost overrun and benefit shortfall.  
 
As illustrated schematically in Figure 1, explanations of optimism bias have their relative 
merit in situations where political and organizational pressures are absent or low, whereas 
such explanations hold less power in situations where political pressures are high.  
 
Conversely, explanations of strategic misrepresentation have their relative merit where 
political and organizational pressures are high, while they become less relevant when such 
pressures are not present. Thus, rather than compete, the two types of explanation 
complement each other: one is strong where the other is weak, and both explanations are 
necessary to understand the pervasiveness of inaccuracy and risk in project planning—and 
how to curb it. 
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2. Probability and Risk 
A probabilistic forecast presents the distributional information of the forecast. For example, a 
probabilistic cost risk forecast presents the forecasted risk not as a single point estimate but as 
a range of outcomes given a range of likelihoods. Conventionally, the simplest form of a 
probabilistic forecast is a forecast for the best case, most likely case and the worst case.  
 
Better probabilistic forecasts represent the full distribution of forecasted outcomes. This is 
often reported as shown in Figure 2, which shows the probability of the risk on the x-axis and 
the probability of the cost risk on the y-axis. The probability is commonly presented as the 
certainty of the estimate. For example, P50 means that the forecast is 50% certain and has 
thus a 50% likelihood of being exceeded, P80 means that the forecast is 80% certain and has a 
20% likelihood of being exceeded. The mean of the distribution is in some guidance (e.g. 
WebTAG) labelled P(Mean).  
 
Figure 2 Conceptual Probabilistic Cost Risk Forecast  
 
 
Figure 2 depicts and idealized S-curve, which implies that the risks are normally and 
symmetrically distributed around the median (P50). In reality risks are rarely normally and 
symmetrically distributed. Figure 3 shows the cost risk of light rail systems. The risk forecast 
is based on the analysis of data from 63 historic light rail projects and follows the 
methodology used in Flyvbjerg and COWI (2004). Figure 3 differs from the idealized S-curve 
in Figure 2, in particular for the tail of the distribution which for estimates above P60 is 
convex in Figure 3 and not concave like in Figure 2. These tail risks, i.e. low likelihood risks 
with very high cost overruns are particularly important.  
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Observations that form these tails are projects with very high cost overruns. These projects 
are also called "Black Swans", a popular term for extreme events with massively negative 
outcomes (Taleb, 2010). The statistical properties of Black Swans affect the ability to 
forecast, because Black Swans are not expected to occur in a well-defined, deterministic 
Newtonian world of cause, effect, and control. In statistical terms, Black Swans are outliers. 
Outliers are commonly defined to be 1.5 inter-quartile ranges (the difference between the top 
and bottom quartile) away from the top quartile. Defined in this manner, in the data of light 
rail projects outliers are projects with cost overruns ≥ 143%. 6% of the observations in the 
reference class are classified as outliers. The cost overrun, in real terms, of the Edinburgh 
Tram was +52%. Thus the Edinburgh Tram was not a Black Swan. A common misconception 
is that Black Swans are freak occurrences to be excluded from reference classes. However, 
managers should not ignore Black Swans because Black-Swan projects are not caused by 
catastrophic risks materializing (e.g. disease outbreaks, terrorism) but are typically the result 
of multiple adverse events occurring simultaneously. Thus, while they cannot be predicted 
managers can learn from them to reduce their projects’ exposure to Black Swans.   
 
Figure 3 Probabilistic Forecast of Cost Risk of Light Rail Projects (n=63; Source: Authors’ Database) 
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3. Assessment of Risk 
Conventionally, risk is estimated by identifying events that have an impact on the estimates of 
quantities or prices or both (AXELOS, 2011). Risk commonly identified in expert workshops 
cataloguing possible events that might happen and impact the project. The identified risks are 
logged in a risk register, where the likelihood and impact of each risk is assessed and 
mitigating actions are tracked. 
 
The impacts and the likelihood are quantified, typically using subjective best guesses and 
rarely based on hard empirical data from past projects. The total value of the risk register is 
then summed up as the risk estimate. This, in its simplest form, is the weighted average of 
likelihood multiplied by the impact of all identified risks.  
 
Currently, the industry standard is to use a Monte Carlo simulation to model the full range of 
futures, from no risks happening to all identified risks happening to a project. Monte Carlo 
simulations can also account for correlations between risks, e.g. if the occurrence of one risk 
event increases or decreases the likelihood of a related risk.  
 
The result of such risk assessment combined with Monte Carlo simulations looks objective 
and quantitative, even scientific. In reality it is subjective and qualitative, based on 
judgement. 
 
Conventional cost risk estimation takes an inside view of a project: planners look at all the 
constituent elements of a project that need to be completed and the uncertainty in the cost 
estimate of each element and the cost impact of adverse events that might impact each 
element make up the risk estimate.  
 
The inside view has been shown to result in optimistic forecasts (Kahneman and Lovallo 
2003), i.e. to produce a systematic underreporting of the level of project risk.  
 
Kahneman and Tversky's (1979a, b) found that human judgment is generally optimistic due to 
overconfidence and insufficient regard for distributional information about outcomes. 
 
Thus, people will underestimate the costs, completion times, and risks of planned actions, 
whereas they will overestimate the benefits of the same actions. Such errors of judgment are 
shared by experts and laypeople alike, according to Kahneman and Tversky. 
 
Lovallo and Kahneman (2003: 58) call such common behaviour the "planning fallacy." They 
argue that this fallacy stems from actors taking an "inside view" focusing on the constituents 
of the specific planned action rather than on the outcomes of similar actions that have already 
been completed. 
 
Research into the track record of past estimates (e.g. Flyvbjerg and COWI 2004, Flyvbjerg 
2014, 2016) shows that project cost estimates are systematically and consistently lower than 
the actual outturn cost. The data show that inside-view cost estimates are biased, i.e. 
systematically underestimating cost risk. 
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4. Assessment of Optimism Bias 
The cure for the inside view is to take the so-called "outside view". The outside view pools 
lessons from past projects and uses these as distributional information to statistically predict 
the outcome of another project. 
 
Kahneman and Tversky (1979b) argue that the prevalent tendency to underweight or ignore 
distributional information is perhaps the major source of error in forecasting. Planners should 
therefore make every effort to frame the forecasting problem so as to facilitate utilizing all the 
distributional information that is available. 
 
This may be considered the single most important piece of advice regarding how to increase 
accuracy in forecasting through improved methods, according to Kahneman (2011).  
 
The outside view makes explicit, empirically based adjustments to cost estimates (Flyvbjerg, 
Holm, and Buhl 2003; Mott MacDonald 2002; HM Treasury 2003). In order to be accurate, 
these adjustments should be based on data from past projects or similar projects elsewhere, 
and adjusted for the unique characteristics of the project in hand. 
 
Reference class forecasting is one method for systematically taking an outside view on 
planned actions. Reference class forecasting places particular emphasis on relevant 
distributional information because such information is most significant to the production of 
accurate forecasts. 
 
Reference class forecasting follows three steps: 
 
1. Identify a sample of past, similar projects – typically a minimum of 20-30 projects are 
enough to get started, but the more projects the better; 
2. Establish the risk of the variable in question based on these projects – e.g. identify the 
cost overruns of these projects; and 
3. Adjust the current estimate – through an uplift or by asking whether the project at 
hand is more or less risky than projects in the reference class, resulting in an adjusted 
uplift. 
 
The final step in the reference class forecasting process considers whether the project at hand 
is more or less risky than the projects in the reference class. It should be stressed that unless 
this consideration is based on objective evidence, optimism bias might be re-introduced into 
estimates. 
 
In addition, planners might consider downward adjustments of optimism bias uplifts based on 
capability assessment, e.g. ability to identify and address risks early or commercial structures 
established with a goal to transfer risk as much as possible. These assessments are all 
subjective, because they are untested at the planning stage.  
 
Thus, they ought to be viewed with suspicion. For example, the risk mitigation effect of the 
Edinburgh Tram project’s procurement strategy was untested at the final business case stage 
and in hindsight might be considered optimistic. 
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Thus, projects have to face the competing pressures of the funder’s demands to deliver as 
much value for money as possible and being prudent in their risk assessment. In practice, 
downward adjustments to risk and optimism bias uplifts ought to pass a critical test of 
objectivity to be justified. 
 
Risk assessments based on the inside and outside views follow a similar process of (1) 
identification, (2) quantification, and (3) management of risks. Both risk assessment 
approaches result in a cost estimate that depends on the desired level of certainty of the cost 
estimate. 
 
The difference between inside and outside view approaches to forecasting is that the former 
are based on subjective and thus biased judgement and the latter are based on objective data, 
thus circumventing optimism bias and the planning fallacy. 
 
In theory, if risk assessment based on the inside view is done without bias the risk estimate 
should either match the outside view estimate or give very robust, reliable and clear evidence 
why risks are higher or lower than the outside view’s assessment of risks.  
 
Reference Class Forecasts of project cost risk were used to establish the Optimism Bias 
Uplifts that are required by DfT’s Transport Appraisal Guidance (2006) and the HMT 
Greenbook (2003). The guidance recommends to uplift project cost estimates by adding the 
forecasted cost risk to the cost estimate, thus de-biasing the cost estimate. 
 
In the case of transport the categories for which data is provided by DfT are road, rail, and 
fixed link, building, IT, standard civil and non-standard civil projects (Flyvbjerg and COWI 
2004 and Mott MacDonald 2002).  
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6. Summary of Guidance Documents on 
Optimism Bias 
 
Mott MacDonald’s Review 
The review had the express purpose to provide an evidence base for the HMT Green Book, 
which was then under development. Thus, the review attempted to determine measures for the 
optimism bias in UK large public procurements; identified project risk areas; and provided 
“guidance for managing project risk areas through the application of best practices to 
minimise optimism in project estimates” (Mott MacDonald 2002, p. S-1). 
 
The review urges that optimism bias ought to be considered for cost, duration, and benefits 
estimates (p. S-2). The review argues that optimism, which manifests in cost overruns, delays 
and benefits shortfalls, is caused by optimistic assessment of risks. Thus, a project ought to 
assess “the degree to which there is evidence that project risks have been identified and will 
be managed…” (p. S-2). 
 
The review collected data on 50 completed projects. For non-standard civils (such as the 
Edinburgh Tram project) 13 projects were included in the data.   
 
In terms of concrete guidance, the review makes the following recommendations: 
 
- Establish a clear governance process, including stage gates, clearly defined 
objectives, use of project reviews, full life cycle view of the project, benefits 
planning and measurement, risk and value management, identified project sponsor; 
- Risk management during the appraisal process; incl. 
o Use of experienced appraisers; 
o Full analysis of all risks; 
o Understanding of the risks at the specific stage in the project’s life cycle; 
o Strong business case; and 
o Balance the cost of risk management with the risk exposure of the project. 
- Calculate the optimism bias in the project, through: 
o Identify the project type (e.g. non-standard civils); 
o Use the upper bound value as a starting point (e.g. 66% for CAPEX and 
25% for works duration for non-standard civils); 
o Reduce the upper bound by the value that project risks are being managed 
based on clear and tangible evidence that those risks are managed. For non-
standard civils, the optimism bias for CAPEX is broken down as follows: 
▪ Procurement (2%); 
▪ Design complexity (8%); 
▪ Innovation (9%); 
▪ Environmental impact (5%); 
▪ Inadequacy of the business case (35%); 
▪ Funding availability (5%); 
▪ Project management team (2%); 
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▪ Poor project intelligence (9%); 
▪ Site characteristics (5%); 
▪ Economic influences (3%); 
▪ Legislation and regulation (8%); 
▪ Technology (8%); and 
▪ Other external influences (1%). 
o Appraise the project given the calculated level of optimism bias; let only 
projects with low optimism bias continue to the next stage gate. 
 
HMT Green Book 
The HM Treasury Green Book puts the findings of the Mott MacDonald review into practice. 
 
With regards to optimism bias the Green Book states: “To redress this [optimistic] tendency, 
appraisers should make explicit adjustments for this bias. These will take the form of 
increasing estimates of the costs and decreasing, and delaying the receipt of, estimated 
benefits. Sensitivity analysis should be used to test assumptions about operating costs and 
expected benefits.” (p. 29) and further “Adjustments should be empirically based, (e.g. using 
data from past projects or similar projects elsewhere), and adjusted for the unique 
characteristics of the project in hand. Cross-departmental guidance for generic project 
categories is available, and should be used in the absence of more specific evidence” (p.29). 
 
With regards to conventional risk appraisal the Green Book states: “It is good practice to add 
a risk premium to provide the full expected value of the Base Case. […] in the early stages of 
an appraisal, this risk premium may be encompassed by a general uplift to a project’s net 
present value, to offset and adjust for undue optimism. But as appraisal proceeds, more 
project specific risks will have been identified, thus reducing the need for the more general 
optimism bias” (p.29).  
 
Specifically, the Green Book outlines three steps to deal with optimism bias: 
 
1. “Estimate the capital costs of each option, 
2. Apply adjustments to these estimates, based on the best available empirical evidence 
relevant to the stage of the appraisal; and, 
3. Subsequently, reduce these adjustments according to the extent of confidence in the 
capital costs’ estimates, the extent of management of generic risks, and the extent of 
work undertaken to identify and mitigate project specific risk.” (p. 85) 
 
With regards to risk management, the Green Book recommends to establish organisational-
level risk management (i.e. establishing a risk management framework, senior management 
support, communication of policies, and embedding processes). In addition, at the project 
level the Green Book specifically recommends the use of conventional sensitivity analysis, 
scenarios, and Monte Carlo analysis at the appraisal stages, and risk registers during 
execution of projects. 
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DfT’s Guidance on Procedures for Dealing with Optimism 
Bias  
The DfT Guidance builds on the HMT Green Book and the Mott MacDonald study with 
additional evidence for transport projects.  
 
The Guidance is based on a sample of 260 transport projects, which includes a reference class 
of 46 rail projects (i.e. the reference class applicable to the Edinburgh tram project). The 
uplifts recommended for rail projects, including light rail, are P50 = 40%, P80 = 57%. The 
analysis warns that “It may be argued that uplifts should be adjusted downward as risk 
assessment and management improves over time and risks are thus mitigated. It is however 
our view, that planners and forecasters should carry out such downward adjustment of uplifts 
only when warranted by firm empirical evidence.” (p. 34) 
 
In addition, to the optimism bias uplifts the analysis recommends to establish realistic 
budgeting, introduce financial incentives against cost overruns, and formalise requirements 
for high-quality cost-risk assessment at the business case stage, and independent appraisals. 
Risk assessment should include generic risk analysis checklists, risk identification workshops, 
statistical scenario analysis, and assessments of market structure and levels of competition.  
 
STAG 
The Scottish Transport Appraisal Guidance issued in September 2003 reiterates the 
recommendations from the Mott MacDonald report and the HMT Green Book. It 
recommends the use of the optimism bias uplifts established in these documents and “…as 
appraisal proceeds, more project-specific risks will have been identified thus reducing the 
need for the application of more general optimism bias factors.” (p. 12-4) For this, STAG 
recommends conventional quantitative risk analysis (risk = impact * likelihood) or Monte 
Carlo analysis. 
 
STAG states that only when all risks are correctly identified will there be no need for 
optimism bias uplifts. However, since unanticipated risks remain even in well-developed 
projects, a residual optimism bias uplift should be allocated in form of a contingency. STAG 
stipulates that this residual optimism should be valued at the lower bounds of values described 
in the Mott MacDonald report (i.e. 6% on CAPEX and 3% on works duration for non-
standard civils).  
 
Lastly, to assess the business case STAG recommends the use of scenario analyses. 
 
DfT’s TAG 
The DfT's Transport Appraisal Guidance sets out the importance of cost estimation to 
appraise project proposals and options. The three key elements of a cost estimate are: 
- Base cost, which includes inflation allowance; 
- Risk adjustment, which covers all identified and quantified risks; and 
- Optimism bias adjustment, which is an uplift applied after risk adjustments have been 
made to the base cost estimate. 
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For the risk adjustment, the department requires a quantitative risk assessment for all projects 
with cost greater than £5m (§3.2.3).  The guidance also retired the use of contingencies for 
non-quantifiable or difficult to quantify risks (§3.2.8); and guides projects to ignore 
catastrophic risks (§3.2.9).  
 
The risk assessment ought to reflect the size and stage of the project in hand. In general, the 
assessment is based on a risk register that is valued by assessing likelihood and impact of 
risks (§3.3).  
 
The department requires taking the weighted mean value of the risk register and adding this to 
the base cost as the basis for the optimism bias adjustment (§3.3.17). In addition, Monte Carlo 
analysis is suggested to model the correlation between risks. Again, the mean estimate of the 
Monte Carlo analysis ought to be used in the risk assessment.  
 
In addition to the risk assessment, the guidance requires a risk management strategy. The 
strategy needs to explain how risks are dealt with (e.g. by tolerating, treating, transferring or 
terminating the risky activity) and how risks are controlled through preventative controls, 
corrective controls, directive controls or detective controls (§3.2.13-3.2.15). 
 
For the optimism bias adjustment, the TAG follows the HMT Green Book and the DfT’s 
Guidance on Procedures for Dealing with optimism bias. The procedure consists of four steps: 
(1) identify project type, (2) identify stage of development, (3) apply the recommended 
uplifts, and (4) provide sensitivity analysis around the central estimate. 
 
For light rail projects those uplifts to be applied to the risk-adjusted scheme cost estimate 
(§3.7.7) are:  
- Stage 1 (GRIP Stage 1: pre-feasibility) = 66%; 
- Stage 2 (GRIP Stage 3: option selection) = 40%; and 
- Stage 3 (GRIP Stage 5: design development) = 6% (Table 9). 
The guidance states that DfT does not expect to see lower adjustments than these stated and if 
they are reduced the department expects a clearly documented process and an evidence base 
for any reductions.  
 
Sensitivity analysis is required and the guidance recommends the use of the lower bounds, 
central case, and upper bounds of the optimism bias adjustments to establish three scenarios 
for the sensitivity analysis. 
 
The current guidance (TAG Unit 5.3, as of December 2015) on rail appraisals requires that at 
GRIP stages 1-3 the base cost excluding QRA adjustment is used as the basis for the 
optimism bias uplift; and at GRIP stages 4-5 base cost plus QRA adjustment are used as the 
basis for optimism bias uplift (§2.5.3).  
 
Currently, the following levels of risk adjustment and optimism bias adjustment are required 
(table 3, p. 6), consistent with the TAG guidance in place since September 2006.  
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Table 1 Risk Treatment at Different Levels of Project Development 
Project 
Development 
Level 
(Equivalent to 
Network 
Rail’s GRIP 
stages) 
Level 1 Level 2 Level 3 Level 4 Level 5 
Activity Project 
Definition 
 
Pre-feasibility 
 
Option 
Selection  
 
Single 
Option 
Refinement  
Design 
Develop-
ment 
 
CAPEX QRA, 
contingency  
No No No QRA at 
mean 
estimate  
QRA at 
mean 
estimate 
CAPEX 
Optimism Bias 
(% of present 
value)  
66% 50% 40% 18% 6% 
OPEX QRA, 
contingency 
No No No QRA at 
mean 
estimate  
QRA at 
mean 
estimate 
OPEX 
Optimism Bias  
41% of 
present value 
1.6% per 
annum 
1% per 
annum 
1% per 
annum 
1% per 
annum 
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7. Optimism Bias Treatment at the 
Edinburgh Tram Project 
 
The final business case for the Edinburgh Tram forecasted the cost of Phase 1a (Airport to 
Newhaven) at £498m and Phase 1b (Roseburn to Granton) at £87m (§1.65), against a funding 
commitment of up to £500m from the Scottish Government and £45m from the CEC (§1.73). 
The final business case estimates that £5m could be saved by concurrent construction of both 
Phase 1a and Phase 1b (§1.65). 
 
The present value of the cost of Phase 1a was estimated at £335m against benefits of £592m  
in 2002 prices. This achieved a cost-benefit ratio of 1.77 (§1.97). 
 
99.9% of the base cost estimate, according to the final business case, was based on rates and 
prices received in bids, with the remainder based on known rates and land valuation (§1.66). 
 
The final business case stated that the cost estimate included a risk adjustment based on 
“rigorous quantitative risk analysis” (§1.68). The risk adjustment was set at 15% of the 
construction period base cost (§10.35), which was expected to be a P90 estimate (§11.42). 
 
The final business case compared the cost estimate of Phase 1a (at £498m at P90) against the 
funding committed (of £545m) and concluded that the project had “a 14% headroom above 
and beyond the 15% risk allowance” (§1.73). 
 
The final business case explicitly states that TIE is aware of the risks that are retained and that 
those are managed and priced through a risk register (§1.84). The key risks identified are the 
utility diversions, scope and specification changes, and obtaining consent and approvals 
(§1.86). 
 
The cost-benefit analysis of the final business case (§1.97 and §1.98) does not mention a risk 
uplift for operations costs or revenues. Under current guidance introduced later, this is 
required – but not when the final business case was being developed. 
 
The final business case also states that “The UK light rail sector has encountered difficulties 
in the last six years. Those have affected both existing projects and those in procurement. On 
the earliest schemes, it appears that the private sector showed over-confidence in respect of 
the risks faced, and in some cases, the public sector showed a lack of foresight.” (§7.3) The 
business case argues that this experience is reflected in the procurement and risk strategy for 
the Edinburgh Tram. In effect, the project planned to transfer design, construction and 
maintenance performance risks to the private sector; minimise the risk premium in bids; 
mitigate utility diversion risk; and gain early contractor involvement (§7.9). 
 
As a result, the procurement strategy planned to award the SDS contract on a fixed-price 
lump-sum basis. The MUDFA is a re-measurement contract with benefits-sharing of cost 
savings. The INFRACO is a lump sum tied into milestones. The procurement strategy 
planned for an option to provide full novation of the SDS contract to the INFRACO contract 
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after contract award of the latter. This, the business case argues, will remove the interface risk 
between design and construction. 
 
The Final Business Case stated that a proper risk management had been followed under the 
appointment of a Risk Manager (§11.3) and that these procedures were deemed sound by 
Audit Scotland (§11.6). 
 
The final business case outlines the evolution of the cost estimate for Phase 1a as follows: 
- 2005: £484m, incl. risk contingency and optimism bias adjustment of 24%; 
- 2006: £500m, incl. 12% risk contingency at P90, but no optimism bias uplift; and 
- 2007: £498.1m, incl. 15% risk contingency at P90. 
 
Financial analysis from April 2008 (CEC01425552) shows an anticipated final cost for the 
project of £508m including a cost risk of £32m at P80, rather than the P90 which the project 
had used previously. By the close of contract negotiations, these figures had been refined to a 
budget of £512m including a risk contingency of £31.2m (CEC01338847). 
 
The final business case stated that TIE had established in consultation with Transport 
Scotland that the 2006 cost estimate did not require an allowance for optimism bias due to 
adopting a higher than recommended level of confidence in the quantitative risk analysis 
(§10.14). 
 
The risk contingency of 15% was estimated, using Monte Carlo simulation, to be a P90 
estimate. No further adjustment was made for optimism bias. The Final Business Case argued 
that “Instead of using OB [optimism bias], TS [Transport Scotland] and CEC [The City of 
Edinburgh Council] adopted a very high confidence figure of 90% (P90) in the estimate of 
risk allowances to cover for specified, unspecified risk and OB” (§11.42).  
 
The final business case further stated that the total budget of £498.1m included contingency 
of £49.1m and base estimate of £449.1m (§10.47). The experts noted, that this is inconsistent 
with the reported figure in the same paragraph that the contingency is 15%. The 15% 
contingency in the final business case was calculated based only on the construction period 
cost, and not the total estimated cost.  
 
It should be noted that the STAG 2 appraisal report, prepared in December 2006 together with 
the first version of the Final Business Case, includes a risk and optimism bias uplift of 16% 
for the combined Phase 1a and 1b estimate (§7.108 of the STAG 2 report). The STAG 2 
report also references the Outline Business Case, which included a comparison of the 
Edinburgh project to comparable projects. In this comparison, it was noted that:  
 
- Cost overruns were up 25% of award construction cost; 
- Projects were typically delayed by three to six months, optimism bias guidance for 
schedule suggests a 2% uplift, i.e. 1 month on a 39-months construction programme; 
and  
- Cost escalation in utilities diversion have been recognised and are being addressed by 
including MUDFA in the design process (§10.33 of the STAG 2 report). 
 
TRI00000265_0019
 21 
The STAG 2 appraisal argues that for the optimism bias uplift the project at OBC stage was 
classified as a “standard civil engineering” project, which implies a starting value for 
optimism bias upper bound of 44% and lower bound of 3% (§10.43).  
 
The STAG 2 appraisal further argues that the Mott MacDonald report demonstrated that with 
effective risk management the optimism bias could reduce to 3%. The STAG 2 appraisal 
further states that “However, the project’s enhanced procurement strategy, which was 
specifically developed with the consideration of risk, means that it is expected that optimism 
bias will be near 0% at Contract Award and will come within the 90% confidence level for 
risk.” (§10.45) 
 
At OBC stage TIE estimated that the extensive development work had reduced the optimism 
bias to 24%, which included a risk allowance for specified risks of circa 10% (§10.46). 
 
The STAG 2 appraisal also noted that concurrent work on the final business case, led to a cost 
increase, which reduced the risk allowance from 16% to 12%.  
 
The Final Business Case did not include further results of the quantitative risk analysis, other 
than the stated value of P90 risk. In comparison, the revenue plan in the STAG 2 appraisal 
contains the full Monte Carlo results of different scenarios. 
 
The 2007 risk review (CEC01496784) summarised the Final Business Case’s risk analysis 
and found that risks remained with the public sector. The review endorsed the £498m risk-
adjusted cost estimate at P90 and added a P90 schedule risk estimate of 21 days, which under 
the contracts was valued at £2.2m.  
 
In addition, the response to the Final Business Case by Transport Scotland (TRS00004270) 
stated “Transport Scotland perceives 12% risk allowance for a rail-related project to be 
optimistic, although questioned whether some of this may be included in the base cost.” CEC, 
TEL, and TIE responded: “The process for risk management is defined in the Project Risk 
Management Plan and related project control procedures as previously shared with Transport 
Scotland. The risk allowance equating 12% of project base cost represents quantification of 
the identified risk profile at the time of DFBC [Draft Final Business Case] preparation. The 
adopted procurement approach resulted in a different risk profile to that of a traditionally 
procured rail project…” (item 9.1). 
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8. Expert Evaluation  
Treatment of Optimism Bias in the Draft Interim Outline 
Business Case 
The Draft Interim Outline Business Case (30 May 2005) stated that the project sought 
confirmation from the authors of the Mott MacDonald report that the project should be 
classified as standard civil engineering rather than non-standard civil engineering project. The 
business case argues that the data for the non-standard civil engineering projects does not 
reflect the 40-year experience of building light rail projects in the UK (§6.4.3).  
 
Consequently, the planners expected the project to be a standard civil engineering project, 
which in the Mott MacDonald study consisted of only three road projects (A34 Newbury 
bypass, A564 Derby southern bypass, M60 Denton to River Medlock contract 1).  
 
In the experts’ view, two points are noteworthy: (1) the planners did not consider all available 
information by only including the Mott MacDonald data and not the data in Flyvbjerg and 
COWI (2004), which includes rail projects. (2) Planners implicitly or explicitly assumed that 
the project’s risk is similar to road and not rail projects, which is an unusual assumption. This 
casts doubt about whether the true risks of the project were understood. 
 
The Draft Interim Outline Business Case argued that optimism bias has reduced in the project 
(§6.4.3) from 44%, which is the number recommended in the DfT TAG, to 24%. The business 
case argued that the reduction was measured by evaluating the list of factors contributing to 
optimism bias, which are listed in the HMT Green Book. The business case points out that 
this reduction is not due to mitigating individual risks, but due to “progress to varying degrees 
in the management of all of the 237 identified project risks.” (§6.4.3, p. 91).  
 
The planners argued that enhancements to the risk management regime, rather than the 
mitigation of risks, led them to reduce the optimism bias uplift. However, at the point of the 
Draft Interim Outline Business Case, the effective risk mitigation was an unproven 
assumption. While risks were being addressed and the risk regime in general was enhanced, 
according to the OGC’s assessment, whether or not the risks were effectively mitigated, or 
would be mitigated in the future, could only be proven during construction. 
 
Further, the Draft Interim Outline Business Case reports the results of the quantitative risk 
analysis of the risk register. At P95 the cost risk was estimated to be 22%. Again, as argued in 
the analysis of the final business case, this is an indication that the quantitative risk analysis 
underestimated the tail risk (i.e. risk at levels of P60 and above), and planners should have 
been aware of data that documented the tail risk. 
 
Arup reviewed the business case preparation (CEC01799560) before it reached outline 
business case stage. Arup raised the issue that the project reduced the optimism bias uplift. 
Arup noted that “The project’s averaging of mitigation factors is likely to have led to 
underestimating OB uplifts. Further justification of the likely cost of mitigation strategies 
should be provided” (§9.18). The Outline Business Case gives this justification but did not 
fully explain why it reduced the 44% uplift to 24%. 
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Lastly, the Draft Interim Outline Business Case argued that the headroom between the then 
base cost estimate and the funding envelope was 54% and thus covered the project’s cost plus 
44% of optimism bias uplift suggested by the Mott MacDonald data. It should be noted that 
the DfT guidance on optimism bias procedures available at the time shows that at P80 rail 
projects ought to use an uplift of 57% (68% at P90, and 80% at P95). At P80 the headroom 
between the base cost and the funding envelope would have been used up.  
 
In the view of the experts, the Draft Interim Outline Business Case overstates its case with 
regards to cost risk. The project team argued that it would deliver according to the budget 
envelope with more than 95% certainty while the data in DfT’s Guidance on Optimism Bias, 
which were available to the planners, suggested that a 20% risk of exceeding the funding 
envelope existed, i.e. a risk four times higher.   
Treatment of Optimism Bias and Risk in the Final 
Business Case 
At the time of the creation of the Final Business Case (December 2007) the official guidance 
documented the best available data and knowledge with regards of managing and estimating 
project risk. 
 
The official guidance recommends steps to implement a good risk management regime. Thus, 
the various guidance documents asked the right questions to check that the regime is in place, 
e.g. defined risk management plan, risk management processes, use of risk registers, and use 
of quantitative risk analysis. 
 
The official guidance documents also require that the risk management regime be checked by 
independent experts, and that its outcomes are independently assessed. Both steps should in 
theory provide a project with a robust and working approach to risk management. 
 
Specifically, optimism bias adjustments were conceived to evaluate the questions of economic 
viability and affordability of a project. In practice, the quantitative risk analysis plus an 
adjustment for optimism bias is commonly used to set contingencies and plan budgets.  
 
For the Final Business Case, the assessment of risks and optimism bias was important to 
determine the questions of affordability and viability of the project. The affordability question 
is evidenced by the analysis in the Final Business Case that the project’s headroom was 29% 
between the base cost estimate and the approved funding envelope. The viability question is 
evidenced by a benefit cost ratio of 1.77. 
 
In hindsight, it is evident that the risk analysis was insufficient. The Final Business Case 
document shared the observation that in a small sample of comparative projects
1
 no cost 
overrun greater than 25% was observed.  
 
                                                 
1
 Seven light-rail projects in Dublin, Nottingham, Manchester, Sheffield, Midland Metro, Docklands Light 
Railway, and the Croydon Tramlink. 
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The project decided to plan for a risk exposure at P90 instead of the guidance suggested value 
of mean+6%. The Final Business Case and the STAG 2 appraisal argued that the P90 value is 
larger than the mean+6% value. In both cases this judgement rests on the quality of the 
quantitative risk analysis.  
 
To assure the quality of the quantitative risk analysis the project relied on reviews by experts 
and Transport Scotland. Independent review is, in the experts’ opinion, an appropriate step to 
ensure that the analysis is not underestimating the project’s risk exposure. However, since 
experts are also optimistic, independent reviews are not a guaranteed way to get risks right. 
 
In the experts’ view, there are some doubts about the quality of the quantitative risk analysis 
which estimated a cost risk of 15% at P90, which seems low given the high level of 
confidence and the evidence in the official guidance documents available to the project at the 
time, when the project created the Final Business Case. This indicates to the experts that 
optimism bias is likely to have entered the risk assessment process during quantitative risk 
analysis, which is understandable, because quantitative risk analysis is based on expert 
judgement and such judgement has been proven to be prone to optimism bias. Instead of 
reducing optimism bias, quantitative risk analysis seems to have increased this for the 
Edinburgh Tram. In addition, the optimism was perpetuated by portraying the cost estimate 
with a high degree of confidence. 
 
When the project made a numerical argument (that the guidance recommendation of mean 
QRA + 6% OB uplift is less than the project’s P90) to support its approach to risk 
quantification, in effect the project switched back into a full inside view of the project risks. 
This, in the view of the experts, is problematic.  
 
Even if the risk analysis calculated the risks accurately, the Edinburgh tram project might 
have fallen into the top 10% of the estimated risk exposure. Thus, even a high level of 
confidence is no guarantee of a certain project budget. 
 
However, in the view of the experts, one point of contention is that the project classified itself 
as a standard civils project in earlier estimates. Light rail schemes are classified in the 
guidance document as non-standard civils projects. However, the resulting difference is small, 
i.e. P(Mean) + 6% versus P(Mean) + 3% (DfT TAG, p. 27, table 9).  In the view of the 
experts it is more problematic that the expected reduction in optimism bias is based only on a 
small data set, i.e. the Mott MacDonald report, and the assumption that optimism can be 
reduced through risk mitigation measures. 
 
At the time when the Final Business Case was produced, the risk management system 
established by the Edinburgh Tram project addresses the requirements of the official guidance 
documents, i.e. defined processes, use of a risk register, and a risk management plan. The 
details provided describe a risk management system that is conventional and typical for 
projects of this kind, in the view of the experts.  
 
STAG and TAG guidance in place at the time when the Final Business Case was produced 
required a quantitative risk analysis. The process described in the Final Business Case 
documents (i.e. use of risk registers, valuation of risks through the impact multiplied by 
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likelihood approach, use of Monte Carlo) followed the recommendations made in the official 
guidance, in the view of the experts. 
 
However, the experts note that the quality of the quantitative risk assessment seems 
problematic. The produced estimate of a cost risk exposure of 15/12% of the base cost and 
schedule risk exposure of 2% (21 days) both at a 90% level of confidence (P90) seems 
unreasonably low. P90 means it is assumed there is only a 10% chance that each of these 
estimates will be exceeded.  
 
The P90 adopted by the project is an unusually high level of confidence; the DfT guidance 
suggest P80 as the conservative value.  
 
In the experts’ experience, Monte Carlo-based quantitative risk analyses are only as good as 
the data they are based on, and such data commonly underestimate the tail of the risk 
exposure. Based on empirical data, the DfT Guidance on optimism bias shows that P90 in rail 
projects approximately equates a cost risk exposure of 70%. This shows a clear gap that the 
project should have been aware of between its own analysis of the tail risk and the data that 
were available. 
 
It should be noted, that the figures presented in the DfT Guidance are based on the approved 
business cases of these projects (i.e. final business case at the time of decision to build). In 
contrast, the TAG guidance applies these data to the outline business case (GRIP stage 3) and 
at final business case stage (GRIP stage 5). It expects a reduction in cost risk exposure to a 
level of the mean estimate of the quantitative risk analysis + 6%. Those figures are based on 
the findings of the Mott MacDonald study.  
 
The guidance suggests that “mean QRA + 6% uplift on the risk-adjusted scheme cost” should 
result in a reduction of the risk exposure compared to the 40% uplift at the previous stage of 
project development. However, no guidance is given as to what range of risk exposure would 
be expected after adjusting the quantitative risk analysis in this way. This is likely to contain 
an element of optimism bias in its own right, in the experts’ judgement. 
 
With regards to the optimism bias adjustment, the experts noted that the project was aware of 
the requirements made by the official guidance: earlier project cost risk estimates (outline 
business case, initial business case) included an optimism bias uplift. In the Final Business 
Case the project decided to adopt a different approach. Instead of uplifting the mean of the 
Monte Carlo analysis by 6%, the project chose to estimate risk at P90. The STAG 2 appraisal 
argues that the P90 figure is greater than the figure that would have resulted from following 
the guidance (mean+6%). Only limited results of the quantitative risk analysis are included in 
the Final Business Case documentation.  
 
The QRA dated 08 December 2007 (CEC01397542) documents that the mean risk estimate 
for phases 1a and b was £38.6m and the P90 risk estimate was £51.6m. The final business 
case estimated the total cost of phases 1a and 1b at £580m (Final Business Case §1.65). The 
experts infer from this that the base cost estimate was £528.4m (£580m-£51.6m). The QRA 
states that the mean risk estimate was £38.6m. Thus, the risk-adjusted total cost of phases 1a 
and 1b add up to £567.0m (base cost + mean risk estimate). The 6% uplift applied to the risk-
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adjusted scheme cost equals £34.0m (6% of £567.0m). Thus, the total risk provisions of mean 
QRA and the OB uplift should have been £72.6m (£38.6m + £34.0m).  
 
  GBP mio Source 
Total cost 580 Final business case §1.65 
 - P90 risk estimate 51.6 QRA 08-Dec-07 
= Base cost 528.4   
   Base cost 528.4 from above 
+ Mean risk estimate 38.6 QRA 08-Dec-07 
= Risk-adjusted scheme cost 567.0   
   6% of the risk-adjusted scheme cost  34.0 
 + Mean risk estimate 38.6 QRA 08-Dec-07 
= Risk estimate mean + 6% uplift 72.62   
 
The P90 risk estimate in the December 2007 QRA is £51.6m. The experts find that the P90 
estimate is not larger than the mean + 6% figure (£72.6m). While the experts lack the risk 
estimates to ascertain whether this was true for the STAG 2 appraisal, where the argument 
was made by the project, at least in the final business case the argument for abandoning OB 
considerations in favour of solely relying on QRA is inaccurate. 
 
Moreover, the project’s justification for this seemingly low estimate of the cost risk exposure 
was centred around two points; (1) that utility diversion (MUDFA) works had already 
commenced; and (2) that the procurement strategy would significantly de-risk the project. The 
project expressed the view that at contract award, optimism bias is 0%. In other words, the 
project assumed that due to ongoing refinements of its risk register and its risk analysis and 
due to its commercial strategy, all risks will be fully known. This indicates to the experts that 
the risk management team did not fully understand the nature of optimism bias and, because 
of this, the team and project would have been particularly prone to such bias. 
 
It should be noted that the Mott MacDonald review, which the project will have been aware 
of, questions this assessment. Firstly, Mott MacDonald clearly states that their analysis 
estimated that procurement accounts for 2% of the total optimism bias uplift, which indicates 
that the project should have been aware of evidence that procurement strategies might have 
less of an influence on decreasing risks than argued in the Final Business Case. Secondly, 
Mott MacDonald’s analysis also suggests that at contract award the optimism bias falls to the 
lower bound of the estimate (i.e. 6%). In other words, that unknown risks account for 6% of 
the risk-adjusted cost estimate. 
                                                 
2 The base cost estimate is not stated in the QRA document, hence we applied the calculation to the more 
conservative figure of £580m for parallel construction of phases 1a and 1b. If the slightly higher £585m 
estimated cost for sequential construction of phases 1a and 1b are used, then the mean risk + 6% uplift adds up to 
£72.9m. We noted that the December 2007 estimate considered only phase 1a. In the risk estimates the planners 
calculated the cost risk by allocating different shares of each risk to both phases. Thus in principle the above 
finding for phases 1a and 1b also holds true for the consideration of phase 1a only. 
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Moreover, the Final Business Case indicates that the project was aware of the interface risks 
between the three key contracts (design, utilities, and infrastructure construction). The Final 
Business Case clearly states the retained risks as a result of the suggested commercial 
structure, including the novation option to remove the interface between the design and 
infrastructure construction contract.   
 
Summary Evaluation 
In the experts’ judgement, the approach taken to estimates, risk and optimism bias in the 
Edinburgh tram project was generally similar to the approach of other projects of a similar 
nature. Equally, the mitigation measures planned and the work to understand risk were similar 
to those of other projects. 
 
However, the project relied solely on an inside view to assess risk. The OGC reviews and the 
Monte Carlo simulation confirmed the assessment but did not remove optimism bias from the 
estimates.  
 
Furthermore, the risks identified in the contracting strategy in the final business case 
combined with the early-warning signs of delays in the design work and the utilities diversion 
project ought to have led to a more cautious approach regarding risks and uplifts for the 
overall project.  
  
TRI00000265_0026
 28 
9. Recommendations 
Recommendations to Improve Official Guidance 
In the view of the experts, the guidance is appropriate for major projects today and can help a 
project to establish a de-biased estimate of risk. However, the history of the Edinburgh tram 
project points to necessary enhancements and potential pitfalls in applying the guidance. 
 
First, the official guidance works on the assumption that a high-quality risk analysis has taken 
place to appraise projects at outline business case and final business case stage. The guidance 
requires supporting evidence and expert reviews to assure the quality of risk analyses. 
However, the history of the Edinburgh tram project demonstrates three points: 
 
1. The Edinburgh project established a risk management regime (systems, tools, 
processes) that was in line with typical risk management regimes of UK infrastructure 
projects at the time. The Edinburgh tram project shows that conventional risk 
management, despite the best intentions, is not getting risks right; 
2. Specifically, quantitative risk analysis following the inside view (i.e. risk register plus 
Monte Carlo simulation) is insufficient to create extreme downside scenarios (i.e. P90 
or above) in order to appraise a project’s viability and affordability, and, by creating a 
false sense of certainty, may add risk instead of reducing it, as appears to have been 
the case in Edinburgh; and  
3. Optimism in expert reviewers is difficult to root out, unless all analyses are based on 
hard, empirical data, i.e. taking out human judgement as much as possible. 
 
Second, DfT’s guidance at the writing of this report (TAG Unit A5.3, December 2015) is 
based on the same data as the 2006/2007 guidance (Flyvbjerg and COWI 2004, TAG, and 
STAG). To decide whether the guidance is appropriate to major projects today, one would 
need to evaluate whether the data are still relevant, which was done as part of preparing this 
report. 
 
The comparison of the data available today for rail projects and the data provided by 
Flyvbjerg and COWI (2004), which is used in the most recent DfT guidance (TAG Unit A5.3, 
December 2015) shows a different risk profile. The P40 is lower and the P80 higher in the 
updated reference class than in the 2004 reference class for rail projects. The 2016 data set 
must be considered more reliable than the 2004 data set, because it is significantly larger and 
more up to date. 
 
The Edinburgh tram project illustrates that the guidance needs to be improved on how to 
combine optimism bias and QRA. In particular, the 6% uplift on the risk-adjusted scheme cost 
at the mean risk estimate produces figures that too low and not supported by the data.  
 
These finding support four recommendations: 
1. The data and recommended uplifts in the DfT’s TAG might need to be updated. More 
recent and larger data sets are available; 
2. The guidance should be improved on how optimism bias uplifts should be combined 
with QRAs; 
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3. Projects could establish their own, more precise, reference class. Sufficient data is 
available to construct reference classes that focus on specific project types; 
4. However, if projects construct their own reference class, statistical analysis should be 
used to decide which project types to include in the reference class. For example, the 
light rail projects above are statistically similar to other rail projects and therefore a 
reference class only of light rail projects would make the error of discarding valuable 
information. 
 
Third, the analyses behind the TAG guidance measured actual outcome data against different 
baselines. The baseline in the two data sources and in TAG are not consistent:  Mott 
MacDonald (2002), Flyvbjerg and COWI (2004) measure cost overruns based on the final 
decision to build (i.e. the final business case). TAG uses those numbers as uplifts for the 
outline business case stage. Full distributional information for the different baselines is 
needed.  
 
Recommendations for Project Funders, Sponsors and 
Project Managers 
Project cost estimates ought to be adequately challenged and controlled. The key questions 
funders and sponsors need to consider are whether a project’s base estimates are robust and 
whether the risk estimates are biased. 
 
Funders, sponsors and project managers can challenge and evaluate the quality of estimates 
by taking the outside view and comparing the outside with the inside view. 
 
Funders and project sponsors need to understand their risk appetite in order to evaluate the 
three key questions of project appraisal: 
 Is the project economically viable? 
 Is the project affordable? 
 What project budget and what contingencies should be allocated to different levels, 
i.e. builders, project director, owner? 
The risk appetite and hence the total cost estimate will differ for each of these questions. 
Sponsors and funders should use probabilistic forecasts instead of single point forecasts to 
capture this reality. 
 
In general, project funders, sponsors and project managers should be cautious when adjusting 
uplifts. In addition, project risks are only removed when the project is realised. The 
Edinburgh tram project shows that a commercial strategy and contractual risk transfer do not 
necessarily eliminate risk.  
 
The Edinburgh tram project also shows that risk management and other functions need to be 
joined up. Establishing a clear line of sight from the strategic benefits down to requirements, 
design, and delivery and commercial strategy. The Risk Management Module of the Project 
Initiation Routemap (IPA 2016) provides guidance to build a joined-up risk management 
system. 
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Projects with very large cost overruns are also called Black Swans; i.e., extreme events with 
massively negative and unforeseeable outcomes. Managers tend to ignore this. They are 
treating projects as if they exist largely in a deterministic Newtonian world of narrow 
variations between cause and effect. Project funders, sponsors and project managers should 
pay careful attention to their tail risk, i.e. the domain of Black Swans. Early warning 
indicators, active attempts to break down project size, removing project complexity, and 
preparing project responses to and recovery from adverse events can reduce the impact of 
extreme events. 
 
During delivery, effective governance needs to provide constant challenge and control of the 
project, including recording of where the project is compared to its baseline, while at the same 
time enabling problem solving, including quickly getting the project back on track, whenever 
it begins to veer off course.  
 
To provide adequate challenge and control, the governance bodies need to receive unbiased 
and up-to-date information about project performance. In similar projects (Flyvbjerg and Kao 
2014) the experts found that effective governance relies on multiple channels of information 
to senior decision makers, for example, data-driven reports on project performance and 
forecasts combined with reports by the management team and independent audits. In the 
reporting, special emphasis must be placed on detecting early-warning signs that cost, 
schedule and benefit risks may be materialising, as they tend to do, so damage to the project 
can be prevented. When early-warning signs emerge, projects should revisit their assumptions 
and reassess risk and optimism bias forecasts. 
 
Project sponsors and funders should critically review claims mitigation measures have 
reduced project risk, especially when they are based on assumptions and not proven. The 
Edinburgh Tram claimed to mitigate risk through an un-tested contract approach. Generally, 
first-time innovation should be seen as adding, not removing, risk. 
 
A key practical challenge is that top-management governance bodies often include 
representatives without prior experience in managing major projects. Thus, effective 
communication between the project and its governance bodies becomes a challenge. Closing 
this capability gap but also carefully designing management information is important 
(Flyvbjerg and Kao 2013). 
 
Effective governance constantly challenges and controls and is thus a source of conflict. 
However, research shows that accountability and creating a safe space to raise difficult issues 
go hand in hand (Edmondson 2003). Thus, governance bodies need to clearly acknowledge 
constraints, frame issues accurately, embrace reporting of issues and risks, positively engage 
with messengers, and encourage dissent and the communication of bad news.  
 
The Edinburgh Tram project shows that the key issue of providing independent oversight and 
external validation is the quality of evidence. The Edinburgh Tram was reviewed by outside 
parties (Office of Government Commerce, KPMG etc.) yet risks might have been overlooked. 
 
The project showed that not the process but the quality of evidence is key to providing 
effective oversight and validation. Garbage in, garbage out, here as elsewhere. Optimism bias 
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uplifts are aimed at providing quality evidence by eliminating psychological and political bias 
in project plans.  
 
Incentive structures are a root cause of the typical challenges of cost overruns, delays and 
benefit shortfalls faced by projects. Project promoters are strongly incentivised to portray a 
proposal as positively as possible to get project approval. 
 
This conflict of interest can be addressed by using third party or external validators of project 
proposals. The NAO (2013) review of evaluation activities across government found that a 
variety of constructs are being used ranging from fully internal reviews to fully external ones. 
The key challenge is to ensure autonomy, and thus freedom of political biases, with the ability 
to access commercially sensitive information and providing a high-quality evaluation.  
 
For example, the UK Ministry of Defence – a department with a large portfolio of major 
projects – has set up an independent cost accounting and assurance service, which subjects all 
project cost estimates to an independent assessment. Some projects, for example Heathrow 
Terminal 5 as discussed above, have appointed independent cost estimators as part of the 
project organisation.  
 
In the experts’ view, while value-for-money is a constant concern in public projects, ensuring 
high-quality evidence and independent oversight are the key problems that must be solved in 
order to prevent costly break-fix projects that destroy value instead of creating it. 
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Appendix I – List of Reviewed Documents 
 
Begin Prod ID Document Description Sort Date 
CEC00380894 TIE: Edinburgh Tram Progress Report, September 2005 30/09/2005 
CEC00380898 Edinburgh Tram Network: Outline Business Case, Draft for 
Discussion, March 2006 
30/03/2006 
CEC00455240 Edinburgh Tram Project - Tram Lines 1 and 2 
Meeting of the Council, 11 December 2003 
11/12/2003 
CEC00630633 Preliminary Financial Case – Update Line One 01/09/2004 
CEC00632759 Edinburgh Tram Network: STAG Appraisal: Line One 28/11/2003 
CEC00640848 Edinburgh Tram Network: STAG 2 Appraisal Report, 
prepared by Steer Davies Gleave, Dec 2006 
30/12/2006 
CEC00642726 Edinburgh Tram Network: STAG 2 Appendices Line One 28/11/2003 
CEC00642799 Edinburgh Tram Network: Preliminary Financial 
Case:Update: Line Two 
01/09/2004 
CEC00643516 Edinburgh Tram Network: Final Business Case v 2, 7
th
 
December 2007 
07/12/2007 
CEC00906940 CEC: Edinburgh Tram : Financial Close and Notification 
of Contract Award 
01/05/2008 
CEC01019126 Arup Scotland: Edinburgh Tram Line 2 Review of 
Business Case: Final 
26/10/2004 
CEC01190799 Arup Transport Planning: Edinburgh LRT Masterplan 
Feasibility Study: Final Report (Jan 2003) 
29/01/2003 
CEC01395434 Edinburgh Tram Network: Final Business Case v2, 7
th
 
December 2007 
07/12/2007 
CEC01496784 TIE: Project Risk Review Report: Readiness Review; Oct 
2007 
14/10/2007 
CEC01562064 TIE Project Gateway 3 Review: Readiness Review; Oct 
2007 
09/10/2007 
CEC01623145 TIE: Integrated Transport Initiative for Edinburgh and 
South East Scotland: A Vision for Edinburgh 
30/09/2002 
CEC01629382 TIE Project Readiness Review: Readiness Review issued to 
Transport Scotland: September 2006 
28/09/2006 
CEC01649235 Edinburgh Tram Network: Final Business Case version 1, 3 
October 2007 
03/10/2007 
CEC01791014 TIE Project Gateway 2 Review: Follow Up Report: Issued 
to Transport Scotland; 22 November 2006 
22/11/2006 
CEC01793454 TIE Project Readiness Review: Issued to Chief Executive: 
25 May 2006 
25/05/2006 
CEC01799560 Arup Scotland: Scottish Parliament: Edinburgh Line 1: 
Review of Final Business Case, Oct 2004 
26/10/2004 
CEC01821403 Edinburgh Tram Network: Draft Final Business Case; 
November 2006 
30/11/2006 
CEC01836749 Edinburgh Tram Network: STAG 2 Report: Line Two; 
September 2004 
01/09/2004 
CEC01868789 City of Edinburgh Council: Strategic Project Review, 01/09/2002 
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prepared by Turner & Townsend, September 2002 
CEC01875336 Edinburgh Tram Network: Interim Outline Business Case, 
Draft for Discussion; 30 May 2005 
 
30/05/2005 
CEC01916700 Waterfront Edinburgh: Feasibility Study for a North 
Edinburgh Rapid Transit Solution ; July 2001 
01/07/2001 
CEC02044271 CEC: Edinburgh Tram Project: report no CEC/22/11-
12/CD; 30 June 2011 
30/06/2011 
CEC02083184 CEC: Edinburgh Tram Project – Update Report; 24 June 
2010 
24/06/2010 
CEC02083448 CEC: Edinburgh Trams Contracts Acceptance; Report 139; 
20 December 2007 
20/12/2007 
CEC02083466 CEC: Edinburgh Tram Draft Final Business Case; 21 
December 2006  
21/12/2006 
CEC02083538 CEC: Edinburgh Tram Final Business Case; 25 October 
2007  
25/10/2007 
CEC02083547 CEC: Edinburgh Tram; Report; 26 January 2006 
 
26/01/2006 
CEC02084255 Department for Transport: Transport Analysis Guidance 
(TAG): Unit 3.5.9 The Estimation and Treatment of 
Scheme Costs; September 2006 
 
CEC02084256 HM Treasury: The Green Book: Appraisal and Evaluation 
in Central Government; 2003 edition. 
 
CEC02084257 The British Department for Transport: Procedures for 
Dealing with Optimism Bias in Transport Planning: 
Guidance Document: June 2004 
10/06/2004 
CEC02084489 STAG: Scottish Transport Appraisal Guidance: Chapter  12 
Risk and Uncertainty 
01/09/2003 
CEC02084689 Mott MacDonald: Review of Large Public Procurement in 
the UK, July 2002 
25/04/2002 
CEC01300167 Spreadsheet: Phase 1A – Budget at Financial Close 
 
 
DLA00004903 TIE: Prequalification Guide for Edinburgh Tram Network: 
Guide for candidates seeking to bid for the development, 
partnering and operating franchise agreement (DPOFA) 
08/06/2003 
TRS00000016 TIE: Edinburgh Tram Network - Preliminary Financial 
Case_ Line Two; 4th December 2003 
04/12/2003 
TRS00000041 TIE: Edinburgh Tram Network - STAG Appraisal- Line 
One; 30th July 2004 
30/07/2004 
TRS00000054 TIE: Edinburgh Tram Network: Preliminary Financial 
Case: Line One; 4th December 2004 
04/12/2003 
TRS00004270 Edinburgh Tram Network: Draft Final Business Case:  
Combined response from CEC, TEL and TIE to T.S. 
 
TRS00011725 CEC: Edinburgh Tram Project: Report No CEC/39/11-
12/CD; dated 25 August 2011 
25/08/2011 
TRS00018617 TIE: Edinburgh Tram Network: STAG Report: Line Two; 
31st March 2004 
31/03/2004 
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CEC01300167 Financial and risk summary 01/03/2008 
CEC01425552 Financial and risk summary [same as CEC01300167] 01/03/2008 
CEC01338847 Edinburgh Tram project - financial close process and 
record of recent events 
12/05/2008 
CEC01397542 Edinburgh Tram project – risk allocation report 26/11/2007 
CEC01397541 Risk exposure graph phase 1A P90 26/11/2007 
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Appendix II – Scope and Background of the 
Report 
 
The Edinburgh Tram Project 
The Edinburgh Tram Project was set up to plan and construct a tramway in Edinburgh, 
Scotland.  
 
The project was first proposed in June 2000, construction started in 2008, and the tram line 
opened on 31 May 2014.  
 
The tram services the 14 km between York Place in New Town and Edinburgh Airport, 
including 15 stops in total. 
 
In 2007, in the accepted version of the final business case, the cost of the tram was estimated 
at £498.1 million (in nominal cost) and the planned opening date was estimated as Q1 2011. 
The tram opened 3 years late with a final outturn cost of £776 million (nominal cost). 
 
 
Figure 1 Alignment of the Project 
 
Source: The City of Edinburgh Council, 2013. 
 
 
Timeline of the Project 
The following timeline of the project outlines key steps of the project planning phase and 
gives an overview of project execution with regards to the documents that were analysed for 
this report. It is important to note that throughout the project, estimates were produced in 
nominal terms, i.e. including effects of inflation.  
 
June 2000 CEC publishes its Local Transport Strategy which sets out that the 
development of a tram network is central to its transport policy. 
October 2000 CEC approves the Local Transport Strategy. 
April 2001 CEC commission feasibility studies into an Edinburgh tram system. 
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July 2001 Waterfront Edinburgh Ltd produces the Feasibility study. 
May 2002 CEC establishes TIE as an arms-length company to investigate how best to 
deliver its local transport strategy. 
September 2002 TIE submits its proposals to CEC. 
Turner and Townsend produces a Strategic Project Review for CEC. 
January 2003 Arup Transport Planning produces the Final Feasibility Study, incl. a 
total cost estimate of £465.55 million. 
March 2003 Scottish Ministers announce £375 million available in principle for tram 
system. 
November 2003 STAG appraisal for line 1 is published. 
December 2003 STAG appraisal is sought for lines 1 and 2. 
Preliminary financial cases are published for lines 1 and 2. 
January 2004 Two Bills submitted to the Scottish Parliament intended to enable the 
construction of the tram system. 
March 2004 STAG appraisal for line 2 is published. 
July 2004 Further STAG appraisal for line 1 is conducted. 
September 2004 Update of the Preliminary Financial Case for lines 1 and 2. Updates of 
STAG appraisal for line 2. 
October 2004 Ove Arup and Partner Ltd produce a business case review for lines 1 and 
2. 
May 2005 Draft Interim Outline Business Case 
September 2005 TIE appoints Parsons Brinkerhoff to facilitate the early identification of 
utility diversion works and completion of design drawings. 
TIE provides a progress report for the Scottish Parliament. 
January 2006 Report to the Council makes recommendations for funding and phasing. 
March 2006 Draft Outline Business Case is produced. 
Bills receive Royal Assent. 
October 2006 TIE appoints Alfred McAlpine Infrastructure Services to be responsible 
for the diversion and protection of utilities along the tram route. 
December 2006 STAG 2 appraisal is conducted. 
Draft Final Business Case is published. 
Joint report to the CEC seeks approval of the Final Business Case.  
June 2007 Auditor General publishes their report ‘Edinburgh transport projects 
review’ which includes the tram project. 
Following a debate and vote, the Scottish Parliament calls on the SNP 
administration to proceed with the Edinburgh tram project within the 
budget limit set by the previous administration. 
October 2007 Final Business Case, version 1 is published. 
TIE signs pre-contract agreements for the supply and maintenance of 27 
tram vehicles with Construcciones y Auxiliar de Ferrocarriles SA (CAF). 
TIE announces the consortium Bilfinger Berger Siemens (BBS) as the 
preferred bidder for construction of the tram infrastructure, including rails, 
overhead power cables and a tram depot. 
December 2007 Final Business Case, version 2 is published. 
TIE signs a mobilisation and advance work agreement for infrastructure 
construction with BBS. 
CEC approves the final business case.  
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January 2008 Scottish Ministers offer grant support for Phase 1a. 
May 2008 Tom Aitchison produces report to the CEC. 
BBS appointed as contractor for the construction of the tram 
infrastructure.  
February 2009 Major dispute arises between BBS and TIE, one week before track-laying 
work was due to start in Princess Street, amid claims that BBS is seeking 
an additional £50-80 million funding. 
April 2009 CEC announces that, in view of the economic downturn, Phase 1b of the 
project is not proceeding in the foreseeable future. 
June 2009 A week of informal mediation is held between TIE and BBS, which 
examines, among other things, the interpretation of key clauses in the 
pricing schedule, risk allocation and the substantiation of changes and 
value engineering issues. 
July 2009 TIE reports to the Tram Project Board (TPB) that the mediation had not 
been successful. TPB endorses TIE’s strategy of adopting a more formal 
approach to managing the contract. 
November 2009 Carillion (owner of Alfred McAlpine since December 2007) completes its 
works package of diverting 40,000 metres of utility pipes and cables. TIE 
appoints Clancy Docwra and Farrans to divert the remaining 10,000 
metres. 
December 2009 Following further disputes with BBS, the TPB concurs with TIE’s 
proposal that, in view of lack of progress, a fundamental review of the 
contractual position with BBS should be conducted. If required, formal 
legal processes should be started to bring the major issues to a head to 
allow the project to progress. 
March 2010 TIE informs CEC who tells Transport Scotland that it is unlikely that all of 
Phase 1a of the project can be delivered for £545 million. £348 million has 
been spent on the project up to that point. 
March 2010 The TPB approves TIE’s strategy for the future direction of the project 
including management of the infrastructure construction contract with 
BBS. 
June 2010 Directors of City Development and Finance report on the project. 
CEC reports to full council meeting on progress of the project. Council 
requests a refreshed business case detailing the capital and revenue 
implications of all options being investigated by TIE. 
October 2010 CEC provides an update on progress and outlines an incremental approach 
to the project which would see the opening of a line from Edinburgh 
Airport to St Andrew Square as the first phase. No cost or benefit figures 
are provided and the council requests a further report to be prepared for its 
December 2010 meeting. 
October 2010 The Accounts Commission and the Auditor General for Scotland 
announce their intention to carry out a further review which will provide 
an independent commentary on the Edinburgh tram project’s progress and 
costs to date and its governance arrangements. 
December 2010 A refreshed tram business case is presented. The report includes 
considerations of incremental delivery of Phase 1a, an update on the 
economic case for Phase 1a, expenditure to date and an assessment of 
funding and affordability. The council also notes that a report would be 
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submitted within one year on the operational and governance 
arrangements necessary to secure the integration of bus and tram services. 
June 2011 Director of City Development reports to CEC with revised plans for the 
project. 
Atkins provides an independent review of the Business Case. 
Revised plans are approved, shortening the line to Edinburgh Airport to St 
Andrew Square at a revised cost estimate of £770 million. 
August 2011 Faithful and Gold provide a validation of the base budget and proposed 
risk allowance. 
CEC revises the alignment to run from Edinburgh Airport to Haymarket. 
This decision was withdrawn 1 week later. 
TIE is disbanded.  
November 2011 CEC further revises the alignment to run from Edinburgh Airport to York 
Place. 
November 2011 Announcement of new opening date in 2014. 
August 2013 Testing commences. 
December 2013 Full-line testing commences. 
May 2014 Opening of the line. 
 
 
Scope of This Report 
This report was commissioned by the Edinburgh Tram Inquiry to provide expert input 
regarding subjects of official guidance, risk and optimism bias, the approach to risk and 
optimism bias taken by the Edinburgh Tram project, general views on what steps should be 
taken to ensure effective project management and effective governance of major infrastructure 
projects. 
 
This report focuses primarily on the Final Business Case, which was first published as a draft 
in December 2006, then updated in October 2007 and December 2007, when it was approved 
by CEC. 
 
This report analyses the documents listed in Appendix II. The Edinburgh Tram Inquiry asked 
the authors of this report to answer specific questions regarding: 
- The Key Concepts;  
- Probability and risk;  
- Assessment of risk; 
- Change to OB throughout a project;  
- Assessment of OB;  
- Assessment of Guidance;  
- The means by which tie set its risk and OB allowances in the project budgets;  
- Comment on the approach taken by tie to setting its risk and contingency allowances;  
- Recommendations to improve existing guidance; and 
- Recommendations to funders, project sponsors and project managers.  
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